Energy expenditure was measured in four geldings (433 to 520 kg) during submaximal exercise on a racetrack using a mobile open-circuit indirect respiration calorimeter. A total of 304 5-min measurements of O 2 consumed and CO 2 produced were taken. Measurements were made with and without riders. The amount of energy expended by the horses was exponentially related to speed and was proportional to the body weight of the riderless horse or the combined weight of the horse plus rider and tack. Total energy expended by the four hones walking, trotting, cantering was best described by the equation:
Introduction
The main productive function in horses is work. This work may vary from high speed racing at speeds over 1,150 m/min to endurance rides, where horses may travel 167 km at a rate near 250 m/min, to draft work where horses pull or carry heavy loads at slow speeds. In all these types of work, energy is the dietary factor most likely influenced by exercise.
The National Research Council estimated energy requirements for various activities (NRC, 1978) , but these estimates were based on limited data. The following studies were conducted to measure energy expenditure during submaximal exercise (walking, trotting and cantering) in horses. Feeding standards were developed from these data.
The energy expenditure of horses during submaximal exercise was measured using a mobile open-circuit indirect respiration calorimeter (figure 1). The calorimetry system was validated using a nitrogen dilution technique similar to the type used by Fedak et al. (1981) . The system was found to measure oxygen consumption with an error of less than 2.0%.
A total of 304 5-min measurements were made on four geldings (Quarter Horse weighing 433 kg; grade horse, 490 kg; Appaloosa, 506 kg; Thoroughbred, 520 kg). Each horse's oxygen consumption and carbon dioxide production was measured at rest and over a range of speeds varying from 40 m/min to 390 m/min on an 800-m oval track with a stone-dust surface.
Step frequency was measured at each speed and was used to calculate stride length. Measurements were made on the horses both with and without rider. The weight of the rider plus tack averaged 59 kg.
During a measurement of 02 consumption and CO2 production, the expired gas from the horse was collected using the face-mask shown in figure 2. This mask was held on the horse's head with a leather strap with velero fasteners. and the horse's muzzle with inflated blood pressure cuffs. The mask contained two oneway intake valves (V1 and V2) and one oneway outlet valve (V3). Outside air was drawn through the mask with a vacuum pump (figure 1) and all expired gases were directed through a 10-cm diameter flexible hose into the calorimeter, as indicated by the arrows in figures 1 and 2. A continuous aliquot of the gas passing through the calorimeter was collected and stored for analysis of oxygen and carbon dioxide concentration. The total volume of gas passing through the calorimeter also was measured, along with its temperature and relative humidity. The gas volume was adjusted to standard temperature and pressure of dry gas, and multiplied by the change in composition of the collected gas from that of inspired (outside) air to obtain the amount of oxygen consumed and carbon dioxide produced during a measure-ment. Energy expended was calculated by multiplying the number of liters of oxygen consumed during a measurement by the oxygen's thermal equivalent (kcal/liter) at the respiratory quotient (RQ) calculated for each measurement (Brody, 1945) .
The calorimeter was carried on a wagon pulled by a tractor. Electricity to power the pumps and clock on the calorimeter was supplied by a portable gasoline generator, also carried on the wagon. The horse being measured walked or ran alongside the wagon and was attached to the calorimeter by a plastic flexible hose connected to the face-mask. The hose was 2.4 m long and 10 cm in diameter. During each trial the horse wearing the facemask was led by a rider on another horse to ensure that it maintained a constant speed. This was the case even when a rider was on the horse being measured because the face-mask precluded the use of bit and bridle. The horse and wagon were brought to the speed at which the measurement was to be taken in a particular trial about 1 min before the 5-min measurement period began. Total distance traveled during the 5 min was measured with an electronic bicycle odometer, and this distance was used to calculate speed.
Step frequency was recorded by an observer with a hand held counter.
Results and Discussion
Energy expenditures of the horses with and without riders are shown in figures 3 to 10. The relationship between energy expenditure and speed was best described as an exponential function. The data were transformed by taking the natural log (In) of energy expenditure regressed against speed. Linear regressions of the data from each horse with and without a rider are shown in table 1, along with the exponential equations.
More energy was expended by each horse when carrying a rider than when unweighted. The amount of energy expended by the horses was related to speed and also appeared to be proportional to the body weight of the riderless horse or the combined weight of the horse plus the rider. In other words, a 450-kg horse carrying a 50-kg rider would expend about the same amount of energy as a 500-kg horse carrying no weight. Taylor et al. (1980) measured the energetic cost of carrying loads in rats, dogs, humans and horses. The loads ranged between 7 and 27% of body mass. They also found that oxygen consumption increased in direct proportion to mass supported by the muscles.
A horse sustaining a load at rest increased its energy expenditure over resting without a load to a degree proportional to the weight of the added load (Armsby, 1908) . While traveling at (with rider) y:e2-66+.0060X
Speed (meterslmln) Figure 10 . Relationship between energy expended mad speed in a 520-kg Thoroughbred carrying a 59-kg rider. Triangles indicate one value, numbers indicate number of identical values. in zero energy balance (Pagan and Hintz, 1985) .
Total energy expended by the four horses walking, trotting and cantering on the racetrack was best described by the equation: Y = e 3.02+.0065X
where Y = energy expended (cal'kg-l'min -1) and X = speed (m/min). The amount of net energy (cal'kg -l"min-1) expended above maintenance at each speed can be calculated as (e3.02 +.0065x ) _ 13.92.
The efficiency of utilization of digestible energy (DE) by the horse for work must be known before DE requirements can be calculated. Assuming that body fat is the primary substrate for energy generation in horses during low intensity work, then the efficiencies of utilization of DE for fat production can be used. Respiratory quotients measured in this experiment indicated that fat was the major substrate for energy generation.
The efficiency of utilization of DE for gain (fattening) in horses was estimated to be 55% in horses fed a 75% alfalfa meal-25% oat diet (Pagan and Hintz, 1986) . Hoffman et al. (1967) reported an efficiency of 59% for fat production in horses from DE in diets consisting of 60% meadow hay, 20% oats, 10% wheat bran and 10% flaxseed meal. It therefore appears that a value of 57% might be reasonable for the efficiency of utilization of DE for submaximal work. This efficiency value will depend on the type of diet fed, and will tend to be lower on high roughage diets and higher in diets containing high levels of concentrate or fat (Blaxter, 1962; Kane et al., 1979 Pagan and Hintz (1986) can be used to calculate energy requirements for exercise is as follows: A 450-kg horse is ridden at a medium trot (250 NRC (1978) energy recommendations for work are also shown in table 3. These recommendations were based primarily on the estimates given by Hintz et al. (1971) . They measured feed intake and the kind and amount of activity in two groups of horses. One group consisted of nine polo ponies used by the Cornell Polo Team; the other group was seven horses used in equitation courses. Estimates of DE requirements for walking were calculate d by Hintz et al. (1971) using reports by Brody (1945) and Armsby (1903) that horses required This resulted in a DE requirement above that for maintenance for walking of .5 kcal'kg -1" h -1. However, this interpretation was not correct. Brody (1945) showed that horses walking at 59 m/min had about a 133% increase in metabolism in addition to standing, or a 2.34-fold increase in energy expenditure. The 1.33 increase was a net increase over standing with the maintenance requirement already accounted for. This magnitude of increase in energy expenditure at a 59 m/min walk was 1.8 kcal'DE kg-l"h -1 above that required for maintenance. This value is close to the 1.7 kcal DE.kg-l.h -1 requirement predicted from the present study (table 3) . A walking speed of 59 m/min (3.5 km/h) is a speed that might be used by a team of draft horses plowing a field or pulling a heavy wagon. We observed, however, that riding horses tended to walk at a much faster pace, at speeds closer to 95 m/min (5.8 km/h). At these speeds the horses would be expected to require 2.5 kcal DE~ -l"h -1 above maintenance. Walking at this speed for 8 h would increase the horse's DE requirement by 62% over maintenance. The NRC prediction for walking 8 h would only be a 12% increase over maintenance.
The NRC divided activity into five categories: 1) walking; 2) slow trotting, some cantering; 3) fast trotting, cantering, some jumping; 4) cantering, galloping, jumping and 5) strenuous effort (polo, racing at full speed). These are arbitrary classifications of activity and make comparisons with the present study difficult. However, by classifying the activities from the present study into slightly less arbitrary categories, a comparison can be made. Table 3 contains DE requirements from the present study divided into six speeds. These are a slow and fast walk, slow, medium, and fast trot, and a medium canter. These divisions represent the gaits maintained at each speed by the four horses in the study. Obviously, different breeds will vary from these averages. For instance, some Standardbreds can trot at speeds up to 800 m/rain.
At a slow trot in the present study (200 m/ min) the horses would be expected to require 6.5 kcal DE'kg -1 ~ -1 above maintenance. This is fairly close to the 5.0 kcal DE.kg-l'h -1 recommended by the NRC for slow trotting with some cantering. A fast trot/slow canter (300 m/min) would require 13.7 kcal DE-kg -1-h -1 in the present study compared with the 12.5 kcal DE'kg-l-h -1 recommended by the NRC for fast trotting, cantering and some jumping. A horse at a medium canter (350 m/ min), which is as fast as could be accurately measured in the present study, would be expected to require 19.5 kcal DE'kg-l-h -1. The NRC recommends 23.0 kcal DE.kg-l.h -~ for horses cantering, gaUoping and jumping. The DE requirements from the present study are in reasonable agreement with the NRC values (except for walking) when the differences in classifying activity are taken into account. The equations from the present study allow for much more flexibility in the calculation of requirements at various speeds. It should be re-emphasized, however, that these equations can only be used for the range of speeds measured in the present experiment. Furthermore, our measurements were made on a smooth, level surface. Terrain, type of surface, temperature, relative humidity and ability of rider would likely influence energy expenditures.
The horses in this study were selected to provide a wide range of temperament and conformation because these factors are often considered to influence energy requirements during work. In this study, body weight was found to be the primary factor influencing energy expenditure at these slow speeds. When the energy expenditures were corrected for body weight, no differences were found among the horses. Perhaps temperament is more likely
